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A high physical fi tness level in childhood and adolescence is associated with more favourable health-related outcomes, concerning present and future risk for obesity, cardiovascular disease, skeletal health and mental health, 1 2 which highlights the need to include physical fi tness testing in health and/or educational monitoring systems.
Cardiorespiratory fi tness (CRF) levels for American, [3] [4] [5] Australian, 6 7 Asian, 8 9 African 5 and European [10] [11] [12] [13] [14] [15] adolescents were reported. In fact, more than 100 studies from 40 countries focused on CRF in young people. 5 Available literature suggests that other physical fi tness components such as muscular fi tness and speed/agility are strongly related with health in young people and should also be considered in future studies. 1 16 In this context, we reported the levels of different physical fi tness components in Spanish adolescents. 17 Other authors did so in other European countries 18 ; yet, methodological differences observed among the studies make comparisons diffi cult and hard to interpret. Harmonised measurements of physical fi tness at a European level in adolescent population are needed. The Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study 19 20 provides the opportunity to establish normative values of a wide set of physical fi tness components in adolescents from nine different European countries using a common and well-standardised method of measurement.
The main objective of the current study was to report sex-and age-specifi c physical fi tness levels in European adolescents.
METHODS

Study design
The HELENA study (http://www.helenastudy. com) is a multi-centre study on lifestyle and nutrition among adolescents from 10 European cities: Athens (inland city) and Heraklion (Mediterranean island city) in Greece, Dortmund in Germany, Gent in Belgium, Lille in France, Pecs in Hungary, Rome in Italy, Stockholm in Sweden, Vienna in Austria and Zaragoza in Spain. 20 Data collection took place from 2006 to 2008. Detailed descriptions of the HELENA sampling and recruitment approaches, standardisation and harmonisation processes, data collection, analysis strategies, quality control activities and inclusion criteria were published elsewhere. 21 The study was approved by the Research Ethics Committees of each city involved. Written informed consent was obtained from the parents of the adolescents and the adolescents themselves. 22 
Study sample
Ten European cities of more than 100 000 inhabitants located in separated geographical points in Europe were selected for the study. The geographical distribution was not random and not represented by the strata, but it was decided according to the following criteria: representation of territorial units (countries) of Europe according to geographical location (N/S/E/W), cultural reference and socioeconomic situation and selection of a territorial unit (city) in the country, which is representative of the average level of demography, cultural, social and economic markers. The age range considered valid for the HELENA study was 12.5-17.49 years.
All the analyses conducted on the HELENA data are adjusted by a weighing factor to balance the sample according to the theoretical estimation of the HELENA sample concerning age and sex distribution.
A total of 3528 adolescents, 1683 boys and 1845 girls, were considered eligible for the HELENA analyses. To make maximum use of the data, all valid data on physical fi tness tests were included in this report. Consequently, sample sizes vary for the different physical fi tness tests (see online table S1).
Physical examination
Weight was measured in underwear and without shoes with an electronic scale (Type SECA 861) to the nearest 0.1 kg, and height was measured barefoot in the Frankfort horizontal plane with a telescopic height measuring instrument (Type SECA 225) to the nearest 0.1 cm. Body mass index was calculated as body weight in kilograms divided by the square of height in meters. Identifi cation of sexual maturation (stages I-V) was assessed by direct observation of a medical doctor according to Tanner and Whitehouse. 23 
Physical fi tness assessment
An extended and detailed manual of operations was designed for and thoroughly read by every researcher involved in fi eld work before the data collection started. In addition, a workshop training week was carried out in Zaragoza (Spain) in January 2006, in order to standardise and harmonise the assessment of the physical fi tness tests. The fi eld workers were strongly advised to always perform the same fi tness test in order to minimise the potential inter-rater variability within each centre. The instructions given to the participants in every test were standardised for all the cities and were translated into the local language to ensure that the same verbal information was given to all participants in the HELENA study.
We assessed the following physical fi tness components: muscular fi tness, speed/agility, fl exibility and aerobic capacity (also called CRF). The scientifi c rationale for the selection of all of these tests, as well as their reliability in young people, were previously published. 24 25 A detailed description of the protocols used for fi tness testing is included online in the supplementary material. Briefl y, we assessed upper-body muscular strength by handgrip and bent arm hang tests; lower-body muscular strength by standing long jump, squat jump, countermovement jump and Abalakov jump tests; speed-agility by the 4×10-m shuttle run test; fl exibility by the back-saver sit and reach test and CRF by the 20-m shuttle run test. All the tests were performed twice, and the best score was retained, except the bent arm hang and the 20-m shuttle run test, which were performed only once.
Statistical analysis
Anthropometric and physical fi tness characteristics of the study sample are presented as means (SD), unless otherwise indicated. We analysed sex-and age-group differences in the anthropometric and physical fi tness variables by two-way analysis of variance, unless otherwise stated.
To provide percentile values for European adolescents, we analysed physical fi tness data by maximum penalised likelihood using the LMS statistical method for boys and girls separately. 26 27 We derived smoothed centile charts using the LMS method. This estimates the measurement centiles in terms of three age-sex-specifi c cubic spline curves: the L curve (Box-Cox power to remove skewness), M curve (median) and S curve (coeffi cient of variation). For the construction of the percentile curves, data were imported into the LmsChartMaker software (V. 2.3; by Tim Cole and Huiqi Pan) and the L, M and S curves estimated. The LMS method, specifi cally the Box-Cox transformation does not work with 0 values. Since a number of adolescents scored 0 in the bent arm hang test, we estimated centile values for this test using standard procedures instead of the LMS method. Except for the LMS method calculations, we used SPSS V. 17.0 software for Windows (SPSS, Chicago, Illinois, USA), and the significance level was set at 5%. The symbol > in the "sex difference" column, the variable is signifi cantly (p<0.05) higher in boys than in girls; <, the opposite; =, the non-signifi cant differences. Likewise, the symbol > in the "age trend" column, the variable tends to increase by increases in age; <, opposite; =, non-signifi cant differences, −, not applicable. VO 2 max, maximal oxygen consumption; CRF, cardiorespiratory fi tness.
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RESULTS
Anthropometric characteristics and physical fi tness parameters of the study sample are shown by sex in table 1. Overall, physical fi tness performance was better in boys, except for back-saver sit and reach test, in which girls performed better. Overall, anthropometric and physical fi tness performance increased with age. The prevalence of boys and girls with a healthy CRF level were 61 and 58, respectively. Four per cent of the boys (N=53) and 12% of the girls (N=185) scored 0 in the bent arm hang test (data not shown). Tables 2-10 show the normative values for physical fi tness in the European adolescents, classifi ed according to sex and age and expressed in percentiles from 10 to 100. Centile values were estimated for the closest age; therefore, if a person wants to compare his/her fi tness level with the normative values hereby provided, he/she should look at the age closer to his/ her current age (eg, if 14 years and 5 months, look at 14 years, and if 14 years and 8 months, look at 15 years).
Figures 1-3 show smoothed centile curves (P 5 , P 25 , P 50 , P 75 , P 95 ) for the physical fi tness tests studied by sex and age. The fi gures clearly show greater physical fi tness in boys, except for the fl exibility test, in which girls performed slightly better. From the fi gures, it can be seen that the results for the girls were generally more homogeneous than for the boys. There was also a trend towards incrementally higher physical fi tness in the boys across age groups, whereas the girls showed stability or a slight increase across ages in physical fi tness.
DISCUSSION
The recently published literature indicates that physical fi tness is an important health marker already in youth, 1 2 highlighting the need of meaningful and accurate physical fi tness assessment in young people. Correct interpretation of physical fi tness assessment requires comparing the score obtained in a particular person with normative values for the general population with the same sex and age. In this context, the HELENA data presented in this study provide sex-and agespecifi c normative values for a complete set of physical fi tness components in European adolescents from nine different European countries. The main strength of the HELENA study, and in turns of the normative values hereby provided, is the strict standardisation of the fi eldwork among the countries involved in the study, which precludes to a great extent the kind of confounding bias due to inconsistent measurements protocols that often interferes when comparing results from isolated studies.
In this study, we measured performance on fi tness tests, and the output can be infl uenced by several factors, such as a potential "learning" effect (positive systematic bias) when the test would have been performed a second time. We previously group
tested this question in 100 adolescents from the same cities involved in the HELENA study. 25 Our data showed that the bias for repeated physical fi tness tests included in the HELENA study was mostly close to 0. The results suggest that neither learning nor fatigue (negative systematic bias) effects occurred when physical fi tness is assessed, on a test-retest basis, in adolescents. The tests can, therefore, be considered reliable in this population. Regarding validity, we have just systematically reviewed the literature on that issue 28 and concluded that the 20-m shuttle run test is a valid test to assess CRF, that the handgrip strength test is a valid test to assess upper-body muscular strength and that the standing long jump is a valid test to assess lower-body muscular strength. A large number of other fi eld-based fi tness tests present limited evidence, mainly due to a limited number of studies available (one for each test). We observed that a substantial number of the adolescents studied, particularly girls, scored 0 in the bent arm hang test. Castro-Piñero et al observed even higher percentages of youths (age 6-18 years) scoring 0 in this test (28% of the boys and 39% of the girls). 29 Surely, there are differences in upper-body endurance muscular fi tness among the adolescents that performed 0 in the bent arm hang test, but the test is not able to discriminate them. Because of the lack of sensitivity observed in this test, its usefulness and future use in European adolescents is questionable.
Given the importance of CRF as a powerful marker of health in childhood and adolescence, scientists and worldwiderecognised organisations proposed sex-specifi c cut-offs for a healthy CRF level in these ages. [30] [31] [32] [33] The cut-off values proposed by FITNESSGRAM were used in this study. 30 31 These cut-off points were extrapolated from the thresholds for adult populations related with a higher risk of morbidity and mortality established by Blair et al. 34 In addition, they recently showed to be valid for discriminating between adolescents with a more favourable cardiovascular profi le and those with a Centile values were estimated by using LMS method for exact ages. Lower scores indicate better performance. M, mean. group 35 The prevalence of European adolescents with a healthy CRF level shown in this study (61% of boys and 57% of girls) is substantially lower than those observed in previous studies conducted on European adolescents from Spain (81% of boys and 83% of girls) 17 or Sweden (91% of boys and 80% of girls). 36 However, the fi gures observed in this study are similar to those reported for US adolescents (two thirds of both boys and girls). 4 Although all the studies used the same cut-off points to defi ne healthy CRF level, methodological differences in the assessment of CRF make comparison among studies diffi cult.
Comprehensive studies examining secular changes in CRF levels in European adolescents indicate a consistent decline in this physical fi tness component over the last decades. 37 According to these fi ndings, current prevalence of European adolescents with a healthy CRF level are expected to be lower than those from less recent studies. In addition, a meta-analysis reviewing more than 100 studies using the 20-m shuttle run test in 37 countries concluded that Italian and Greek adolescents, both involved in this study, along with Portuguese, US, Brazilian and Singaporean adolescents have the worst CRF level from a worldwide perspective. 5 In order to test whether the low prevalence of healthy CRF adolescents observed could be due to the equation used to estimate VO 2max , we additionally estimated the prevalence of adolescents with a healthy CRF level using a new equation to predict VO 2max developed for the HELENA study 38 instead of the classic Léger's equation. The percentage for the whole sample was similar (60%), but the prevalence of healthy CRF for boys was substantially higher (80%) and the prevalence for girls lower (41%), compared with the fi gures observed using Léger's equation. Nevertheless, since both equations have shown to be highly reliable, any underlying changes in VO 2max are likely to be detected by changes in 20-m shuttle run test performance, and so long as a consistent method of estimating VO 2max is used, then prevalence estimates should not be systematically biased over time (as the bias is always constant).
In agreement with previous literature, 17 our data suggest that the girls' fi tness levels are generally more homogeneous than boys' fi tness level and a trend towards incrementally higher physical fi tness in the boys across age groups, whereas the girls showed stability or a slight increase across ages in physical fi tness.
The main limitation of this study is related to its design. Physical fi tness normative values in growing children and 
Clinical and public health implications
The reported normative values can be used for different purposes. In population terms, the lowest percentiles provided here, for example, the 5th and 10th percentiles, can be used as a "warning signal," and further testing should be initiated in adolescents under the lowest percentiles to investigate the presence of co-morbidities. A number of participants under this percentile might also carry genetic mutations that do not cause 
Figure 3
Smoothed (LMS method) centile curves (from the bottom to the top: P 5 , P 25 , P 50 , P 75 , P 95 , except for speed/agility that is the opposite order; in this test, lower scores indicate better performance) of three physical fi tness tests assessing speed/agility, fl exibility and cardiorespiratory fi tness.
disease phenotypes per se but do cause exercise intolerance (eg, defi cit of muscle AMP deaminase due to the C34T mutation in the AMPD1 gene). 39 The normative values have also been shown as 10th to 100th percentiles, so the adolescents can score their individual fi tness levels-for example, on a scale from 1 to 10. This also enables intuitive classifi cation of the individual level of physical fi tness by using a Likert-type scale: very poor (X<P 20 ), poor (P 20 ≤X<P 40 ), medium (P 40 ≤X<P 60 ), good (P 60 ≤X<P 80 ) and very good (X≥P 80 ). This is especially interesting when the evaluation is done in the healthcare or educational setting, essential areas for the early problems detection. Thus, the precision and infl uence of the particular intervention on the level of physical fi tness of an individual or a group can be observed by following a student's tracking in the percentile categories. Such individual changes must be rewarded by the instructor or physical education teacher in order to increase the likelihood of fostering a sense of competence and self-mastery in all adolescents. 40 
CONCLUSIONS
Sex-and age-specifi c physical fi tness normative values for European adolescents have been established. The normative values hereby provided will enable evaluation and correct interpretation of European adolescents' fi tness status. Since CRF, muscular fi tness and speed/agility in adolescents have shown to be strongly related with the current and future health status, the fi fth centile curves obtained in this study can be used as a biological indicator below which the level of physical fi tness can be considered pathological. This "tool" is especially interesting in healthcare and educational setting. For practical reasons related to the fi tness testing facilities and equipment required, and for the training and background of physical education teachers, we believe that school should play a major role in helping to identify adolescents with low physical fi tness. The reported normative values should not be used to foster competition among the adolescents. Rather, they provide a unique opportunity to accurately detect individual improvements, relative to the adolescent's own performance (eg, from centile 40th to 60th). Additional work is needed to more fully characterise and identify cut-points related to health outcomes for all fi tness components.
What this study adds
▶ The HELENA study provides the opportunity to establish updated normative values of a wide set of physical fi tness components in adolescents from nine different European countries using harmonised and well-standardised methods of measurement. 
What is already known on this topic
